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(57) ABSTRACT

A thin film resistor structure and a method of fabricating a
thin {ilm resistor structure 1s provided. The thin film resistor
structure includes an electrical interface layer or head layer
that 1s a combination of a Titanium (11) layer and a Titantum
Nitride (TiN) layer. The combination of the Ti1 layer and the
TiN layer mitigates resistance associated with the electrical
interface layers.
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THIN FILM RESISTOR STRUCTURE AND
METHOD OF FABRICATING A THIN FILM
RESISTOR STRUCTURE

TECHNICAL FIELD

The present invention 1s directed to a thin film resistor

structure and a method of fabricating a thin film resistor
structure.

BACKGROUND OF THE INVENTION

Thin film resistors are very attractive components for high
precision analog and mixed signal applications. In addition
to a low thermal coeflicient of resistance and low voltage
coellicient of resistance, thin film resistors provide good
resistor matching and good stability under thermal stress. To
achieve good stability under thermal stress, it 1s critical to
not only control the resistance of the body of the thin film
resistor, but also the resistance of the electrical interface
layer to the thin film resistor. Ideally, the resistance of the
clectrical interface layer should not contribute to the resis-
tance of the thin film resistor.

Typically, thin film resistor fabrication processes 1mple-
ment titanium tungsten (1T1W) as an electrical interface layer
to the thin film resistor layer. A disadvantage associated with
using titanium tungsten (IT1W) as the electrical interface
layer to the thin film resistor layer 1s that titanium tungsten
(T1W) contributes to the overall resistance associated with
the thin film resistor layer. In other words, the resistivity of
the thin film resistor 1s not well controlled by the titanium
tungsten (11W) electrical interface layer, and contributes to
increased thermal stress and an increased thermal coethicient
of resistance (TCR) of the thin film resistor. Another disad-
vantage associate with using titanium tungsten (I1W) as an
clectrical interface layer 1s high particulate levels, as well as
maintenance 1ssues associated with the high particulate
levels.

SUMMARY OF THE INVENTION

The present invention relates to a thin film resistor (TFR)
structure and a method of fabricating a TFR structure. The
TFR structure includes an electrical interface layer or head
layer that 1s a combination of a Titantum (T11) layer and a
Titanium Nitride (TiN) layer. The combination of the Ti
layer and the TiN layer provides a relatively low resistance
associated with the electrical interface layer the TFR struc-
ture.

In one aspect of the invention, a TFR structure 1s provided
that includes a TFR. A first electrical interface portion 1s
coupled to a first end of the TFR, and a second electrical
interface portion 1s coupled to a second end of the TFR. The
first electrical interface portion and the second electrical
interface portion are formed of a layer of titantum (T1) and
a layer of titanium nitride (TiN).

Another aspect of the present invention relates to a
method of fabricating a TFR structure. The method of
forming the TFR structure includes forming a TFR material
layer and forming an oxide layer over the TFR material
layer. The TFR needs to be produced using a photoresist and
etch process. A first TFR via 1s formed in the oxide layer
over a first end of the TFR, and a second TFR wvia 1s formed
in the oxide layer over a second end of the TFR. The TFR
vias are etched 1n the oxide layer using either wet or dry
chemistries or a combination of both. The photoresist layer
1s stripped ofl after the via etch step. A wet fluorinated etch
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step using a dilute hydrotluoric acid solution 1s employed to
clean the surface of the TFR matenal layer and remove any
remaining oxide. A sputter etch process 1s then applied to
remove native oxides which may have built up on the TFR
material layer. A layer of titanium (T1) 1s formed over the
first and second TFR wvias, and a layer titantum nitride (TiN)
1s formed on the (T1) layer. The titanium (11) layer and
titantum nitride (TiN) layer can be etched to form an
opening that defines a first electrical interface portion
coupled to the first end of the TFR layer and a second

clectrical interface portion coupled to the second end of the
TFR layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects of the present invention
will become apparent to those skilled in the art to which the
present invention relates upon reading the following descrip-
tion with reference to the accompanying drawings.

FIG. 1 illustrates a schematic cross-sectional view of a
resultant TFR structure 1n accordance with the method of the
present 1nvention.

FIG. 2 illustrates a sectional view along line A—A of the
resultant structure illustrated in FIG. 1.

FIG. 3 illustrates a schematic cross-sectional view of a
dielectric layer formed over a metal interconnect layer in
accordance with an aspect of the present invention.

FIG. 4 illustrates a schematic cross-sectional view of the
structure of FIG. 3 after deposition of a TFR material layer
in accordance with an aspect of the present invention.

FIG. § illustrates a schematic cross-sectional view of the
structure of FIG. 4 undergoing an etch step in accordance
with an aspect of the present imvention.

FIG. 6 illustrates a schematic cross-sectional view of the
structure of FIG. 5 after deposition of a dielectric layer 1n
accordance with an aspect of the present invention.

FIG. 7 illustrates a schematic cross-sectional view of the
structure of FIG. 6 undergoing an etch step 1n accordance
with an aspect of the present imvention.

FIG. 8 illustrates a schematic cross-sectional view of the
structure of FIG. 7 after the etch step 1s substantially

complete 1n accordance with an aspect of the present inven-
tion.

FIG. 9 illustrates a schematic cross-sectional view of the
structure of FIG. 8 undergoing an additional etch step 1n
accordance with an aspect of the present invention.

FIG. 10 1llustrates a schematic cross-sectional view of the
structure of FIG. 9 undergoing an additional etch step 1n
accordance with an aspect of the present mnvention.

FIG. 11 illustrates a schematic cross-sectional view of the
structure of FIG. 10 after deposition of an interface layer in
accordance with an aspect of the present mnvention.

FIG. 12 illustrates a schematic cross-sectional view of the
structure of FIG. 11 undergoing an etch step i accordance
with an aspect of the present imvention.

FIG. 13 illustrates a schematic cross-sectional view of the
structure of FIG. 12 after the etch step 1s substantially
complete 1n accordance with an aspect of the present inven-
tion.

FIG. 14 illustrates a schematic cross-sectional view of the
structure of FIG. 13 after deposition of a dielectric layer 1n
accordance with an aspect of the present invention.

FIG. 15 1llustrates a schematic cross-sectional view of the
structure of FIG. 14 undergoing an etch step 1n accordance
with an aspect of the present invention.



UsS 7,112,286 B2

3

FIG. 16 illustrates a schematic cross-sectional view of the
structure of FIG. 15 after the etch step 1s substantially
complete 1n accordance with an aspect of the present inven-
tion.

FI1G. 17 illustrates a schematic cross-sectional view of the
structure of FIG. 16 after deposition of a contact material
layer 1n accordance with an aspect of the present invention.

FI1G. 18 illustrates a schematic cross-sectional view of the
structure of FI1G. 17 after undergoing a chemical mechanical
polish 1n accordance with an aspect of the present invention.

FIG. 19 1llustrates a schematic cross-sectional view of the
structure of FIG. 18 after deposition of a metal interconnect
layer 1n accordance with an aspect of the present invention.

FI1G. 20 illustrates a schematic cross-sectional view of the
structure of FIG. 19 undergoing an etch step in accordance
with an aspect of the present invention.

FI1G. 21 illustrates a schematic cross-sectional view of the
structure of the resultant structure after the etch step 1s
substantially complete in accordance with an aspect of the
present mvention.

DETAILED DESCRIPTION

The present invention 1s directed to a thin film resistor
structure and a method of fabricating a thin film resistor
structure. The thin film resistor structure includes an elec-
trical interface layer or head layer that 1s a combination of
a Titanium (11) layer and a Titanium Nitride (TiN) layer. The
combination of the 11 layer and the TiN layer mitigates
resistance associated with the electrical interface. Addition-
ally, the employment of the Ti layer provides a more
reproducible resistivity value associated with the electrical
interface layer. Furthermore, the T1 layer acts a glue layer to
facilitate adhesion of the TiN to the thin film resistor
material.

FIG. 1 illustrates a cross-sectional view of a thin film
resistor (IFR) structure 1n accordance with an aspect of the
present mvention. FIG. 2 1llustrates a sectional view along
line 2—2 of the resultant structure illustrated 1n FIG. 1. A
metal interconnect layer 12 resides over a dielectric layer 10.
The dielectric layer 10 can be formed over a semiconductor
structure such as a semiconductor substrate and/or any
number of intervening layers above a semiconductor sub-
strate. The layers beneath the dielectric 10 can comprise any
number of metal interconnect levels. An nter-level dielec-
tric layer 14 resides over the metal iterconnect layer 12.
The inter-level dielectric layer 14 can comprise silicon oxide
formed using any, suitable method including chemical vapor
deposition. A thin film resistor (TFR) 16 resides above the
inter-level dielectric layer 14.

The TFR structure has first contact 34 coupled to a first
clectrical interface portion 25, and a second contact 36
coupled to a second electrical interface portion 27. The first
contact 34 has a first contact portion 28 and a first conduc-
tive portion 30. The second contact 36 has a second contact
portion 29 and a second conductive portion 32. The first and
second contact portions 28 and 29 can be formed from at
least one of tungsten, aluminum, aluminum alloy, copper,
copper alloy, or a tungsten alloy. The first and second
conductive portions 30 and 32 can be formed from at least
one of aluminum, aluminum alloy, copper, copper alloy,
tungsten, a tungsten alloy or a composite of predominantly
aluminum with small amounts of titantum and titanium
nitride.

The first electrical interface portion 25 and the second
clectrical interface portion 27 couple the first contact 34 and
the second contact 36 to respective first and second ends of
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the TFR matenal layer 16. A dielectric layer 24 provides
clectrical 1solation between the first electrical interface por-
tion 25 and the second electrical interface portion 27.
Additionally, the dielectric layer 24 overlays the first and
second 1nterface layers between the first and second contact
portions 28 and 29. A dielectric layer 26 overlays the
dielectric layer 24 between the first and second conductive
portions 30 and 32.

The first and second electrical interface portions 25 and
277 are formed of a titantum (11) interface layer 20 over the
TFR layer 16 and a titantum nitride (TiN) interface layer 22
deposited over the (T1) layer. The first and second electrical
interface portions 25 and 27 are also known as the TF (thin
film) Heads, the diffusion layer, the barrier layer, or the
capping layer. The function of the first and second electrical
interface portions 25 and 27 are to provide electrical con-
nection to the thin film resistor layer 16, and to protect the
thin film resistor layer from subsequent pattern and etching
processes. Using the combination of the Ti layer 20 and the
TiN layer 22 on top of the T1 layer 20 as components of the
first and second electrical interface portions 25 and 27
mitigates resistance associated with the TF head.

The Ti layer 20 functions to provide a more reproducible
value of the resistance associated with interface layers 20
and 22 relative to a TiN only interface layer. Another
function of the Ti layer 20 1s to lower the resistance of the
interface layers 20 and 22. The T1:TiN interface layers are
compatible with sub-micron metallization process, and pro-
vide good thermal stability of the interface to the TFR which
results 1n a lower thermal coeflicient of resistance (TCR),
reproducible resistance values, and low particulate levels.

FIGS. 3—18 illustrate a methodology for fabrication of a
TFR structure shown in FIGS. 1-2 1n accordance with an
aspect of the present invention. FIG. 3 illustrates an inter-
level dielectric layer 34 formed over a metal interconnect 52
(e.g., aluminum, aluminum alloy, copper, copper alloy, tung-
sten, tungsten alloy) residing over a substrate 50. The
substrate 50 can comprise semiconductor devices or circuits.
Alternatively, the inter-level dielectric layer 34 can be
formed directly over a semiconductor substrate and any
number of intervening layers.

The inter-level dielectric layer 54 can comprise silicon
oxide formed using any suitable method including chemical
vapor deposition Low Pressure Chemical Vapor Deposition
(LPCVD), Plasma Enhanced Chemical Vapor Deposition
(PECVD), sputtering or high density plasma chemical vapor
deposition (HDPCVD). In one aspect of the present inven-
tion, the inter-level dielectric layer 54 1s formed using at
least one of TEOS silicon oxides, PECVD silicon oxides,
s1licon nitrides, silicon oxynitrides, silicon carbides, spin-on
glass (SOGQG) such as silsesquioxanes and siloxane, xerogels
or any other suitable matenal.

In another aspect of the present invention, the thickness of
the inter-level dielectric layer 54 1s 1n the range from about
3000 A to about 8000 A, and the thickness of the metal
interconnect 52 is in the range from about 3000 A to about
5000 A. The inter-level dielectric layer 54 can be planarized
by a chemical mechanical polish (CMP).

FIG. 4 illustrates the structure after a resistor material
layer 56 1s deposited over the inter-level dielectric layer 54.
The resistor material layer 56 can be made from any suitable
thin film resistor maternial including nickel chromium
(N1Cr), a nickel chromium (NiCr) alloy, silicon chromium
(S1Cr), a silicon chromium (S1Cr) alloy, tantalum mitride
(TaN), titantum nitride (TiN), or tungsten (W). The resistor
material can be selected based on a desired resistance and
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stability including the temperature co-etlicient of resistance
(TCR) associated with the resistor material.

Any suitable technique for forming the resistor material

layer 56 can be employed such as Low Pressure Chemical
Vapor Deposition (LPCVD), Plasma

Enhanced Chemical
Vapor Deposition (PECVD), sputtering or high density
plasma chemical vapor deposition (HDPCVD) techniques to
a thickness suitable for forming a TFR. It 1s to be appreci-
ated, however, that the present invention 1s applicable to
other types of thin film formation, such as other deposition
techniques (e.g., Physical Vapor Deposition (PVD), Metal
Organic Chemical Vapor Deposition (MOCVD), Pulsed
Laser Deposition (PLD)) and film growth techniques).

In one aspect of the present invention, the thickness of the
TFR material layer 56 is in the range from about 30 A to
about 400 A, and in another aspect of the present invention
the thickness is in the range from about 100 A to about 150
A

A patterned photoresist layer 39 1s deposited over the TFR
material layer 56. FIG. 5 1llustrates the structure undergoing,
an etch 100 of the layer 56. The patterned photoresist layer
59 1s used to define openings 1n the TFR material layer 56
during the etch 100. The photoresist layer 39 can have a
thickness of about 10,000 A to about 20,000 A. However, it
1s to be appreciated that the thickness thereof may be of any
dimension suitable for carrying out the present invention.

In one aspect of the invention, the etching process 100
uses either wet or dry chemistries or a combination of both.
The photoresist layer 59 1s stripped ofl of the TFR material
56 after the etch step 1s substantially complete.

FIG. 6 1illustrates the deposition of a dielectric layer 58
from which two TFR vias are formed. In FIG. 7, a patterned
photoresist layer 60 1s applied out of the surface of the
dielectric layer 38. An etch step 200 1s applied to form the
two TFR wvias in the dielectric layer 38. The TFR wvias ar
etched using either wet or dry chemistries or a combination
of both. The photoresist layer 60 1s stripped to reveal the
generated TEFR vias 62, 63 (FIG. 8). After the photoresist
layer 60 1s stripped, an additional dilute hydrofluoric acid
(HF) wet etch 300 1s performed (FIG. 9) to remove a small
layer of oxide, approximately 100 A, thick above the TFR
material layer 56.

FIG. 10 1llustrates a sputter etch process 400 applied in a
vacuum environment to the entire surface of the structure
without the presence of a photoresist layer. The sputter etch
process 400 advantageously removes native oxides that
build up on the TFR material layer 56, when 1t 1s exposed to
atmosphere during previous processing. The first TFR vias
62, 63 form contact pads on the TFR material layer 56.

After the sputter etch process 400 1s complete, a titanium
('T1) layer 64 1s deposited (FIG. 11) into the first TFR vias 62,
63 over the TFR material layer 56 as well as over the
remaining portions of the dielectric layer 58. A layer of
titanium nitride (T1N) 66 1s deposited over the 11 layer 66.
The Ti layer 64 and the TiN layer 66 together comprise the
interface layer (e.g., TF Head or barner/diflusion layer).
Both the Ti layer 64 and the TiN layer 66 can be deposited
using physical vapor deposition (PVD). The thickness of the
Ti layer 64 can be in a range of about 100 to about 300 A
(e.g., 200 A). The thickness of the TiN layer 66 can be in a
range of about 800 to about 3000 A (e.g., 2400 A).

The eflect of the sputter etch process 400 1s to lower the
interface layer resistance and to provide a more reproducible
value of the interface layer resistance. Thus, resistance of the
interface layer 1s lowered by applying the sputter etch
process 400 to remove the native oxides on the TFR material
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layer 56 before applying the T1 layer 64 component of the
interface layer, and as well by using specifically Ti:TiN as
the 1nterface layer.

FIG. 12 i1llustrates the structure undergoing an etch 500 of
the T1: TiN layers 64 and 66. A patterned photoresist layer 68
1s employed to form an opening 69 (FIG. 13) during the etch
500 that extends through the Ti:TiN layers 64 and 66 to
expose a portion of the oxide layer 58, and to separate and
clectrically 1solate the T1:TiN layers 64 and 66 into a first
clectrical interface portion 635 and a second electrical inter-
face portion 67. The resultant structure 1s illustrated in FIG.
13 after the remaining patterned photoresist 68 1s stripped.
The interface layers 64 and 66 can be etched with Chlorine
or Fluorine chemistry using magnetic enhanced reactive 1on
cetching (MERIE), electron cyclotron etching (ECR), or
conventional reactive 1on etching (RIE) methods. The chem-
1stry should be highly selective to the Ti:TiN layers 64 and
66 over the underlying oxide layer 58 and the overlying
patterned photoresist 68.

An 1terlevel dielectric layer 70 1s deposited (FI1G. 14)

over the remaining T1: TiN interface layers 64 and 66 as well
as 1n the opening 69 over the oxide layer 38. A patterned
photoresist layer 72 (FIG. 15) 1s formed on the inter level
dielectric layer 70. The patterned photoresist layer 72 1is
employed to define second TFR vias 74 and 75 (FIG. 12)
during an etch 600 that extends through the inter level
dielectric layer 70 to expose a portion of the interface layers
64 and 66. The second TFR vias 74 and 735 provide contact
openings to the first electrical interface portion 65 and the
second electrical interface portion 67. The etch 600 1s any
suitable wet or dry etching process. The resultant structure
1s 1llustrated 1n FIG. 16 after the remaiming patterned pho-
toresist 72 1s stripped.

FIG. 17 1llustrates a contact material layer 76 deposition
over the remaining dielectric layer 70, and in the second
TFR vias 74, 75 over the exposed first and second electrical
interface portions 65 and 67. The contact maternial layer 76
1s deposited employing conventional metal deposition tech-
niques. The contact material layer 76 can be formed from
one of tungsten, aluminum, aluminum alloy, copper, copper
alloy, or a tungsten alloy. The contact matenial layer 76 1s
planarized by a chemical mechanical polish (CMP) to
remove the contact material over the dielectric layer 70, and
to leave the contact material deposited in the second TFR
vias 74, 75 to form a first contact portion 78 and a second
contact portion 79 connected to the first and second electri-
cal interface portions. The resultant structure 1s illustrated 1n

FIG. 18.

FIG. 19 1llustrates deposition of a metal interconnect 84
over the remaining dielectric layer 70 and 1n the second TFR
vias 78, 79 the metal interconnect layer 84 1s deposited
employing conventional metal deposition techniques. The
metal interconnect layer 84 can be aluminum, aluminum
alloy, copper, copper alloy, tungsten or a tungsten alloy or a
composite of predominantly aluminum with small amounts
of titantum and titanium nitride.

FIG. 20 illustrates the photoresist layer 90 patterned over
the metal interconnect layer 84 to form the interconnect. A
timed etch 700 can be employed with chemistry to etch away
the conductive material or metallization layer 84, until
reaching the underlying dielectric layer 70. The timed etch
700 of the conductive material layer 84 1s performed to form
conductive portions 83 and 85 that provide electrical inter-
connections to the TFR, such the conductive portions 83 and
835 of the conductive material 84 form a continuation of the
contact portions 78 and 79.
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The resultant structure 1s 1illustrated in FIG. 21 after the
timed etch 700 1s performed. Following the timed etch 700,
the TFR 1s exposed to an oven baking process (e.g., at 400°
C.) to cause the TFR to stabilize into defined layers. Any
number of 1tervening layers can then be formed over the
resultant structure 1illustrated in FIG. 21.

What has been described above includes examples and
implementations of the present invention. Because 1t 1s not
possible to describe every conceivable combination of com-
ponents, circuitry or methodologies for purposes of describ-
ing the present invention, one of ordinary skill in the art will
recognize that many further combinations and permutations
of the present invention are possible. Accordingly, the
present invention 1s intended to embrace all such alterations,
modifications and variations that fall within the spirit and
scope of the appended claims.

What 1s claimed 1s:

1. A method of fabricating a thin film resistor (TFR)
structure comprising:
forming a TFR;
forming a dielectric layer over the TFR;
forming a first TFR via 1n the dielectric layer over a first

end of the TFR and forming a second TFR via 1n the

dielectric over a second end of the TFR;
forming a layer of titantum (11) over the first and second
TFR vias; and

forming a layer of titanium nitride ('T1N) on the (1) layer,
the layer of T1 and the layer of TiN forming a first
clectrical interface portion to the first end of the TFR
and a second electrical interface portion to the second
end of the TFR.

2. The method of claim 1, the forming a first TFR via in
the dielectric layer over a first end of the TFR and forming
a second TFR wvia in the dielectric layer over a second end
of the TFR comprising performing an etch process on the
dielectric to form the first and second TFR wias.

3. The method of claim 1, wherein the dielectric layer 1s
formed from a material selected from the group comprising:
TEOS, silicon oxides and PEVCE silicon oxides.

4. The method of claim 1, the TFR formed from one of
silicon chromium (S1Cr) alloy, nickel chromium (NiCr)
alloy, tantalum nitride, titanium nitride, and tungsten.

5. The method of claim 1, the TFR having a thickness in
the range of about 90' to about 400",

6. The method of claim 1, the T1 layer having a thickness
in the range from about 100' to about 300' and the TiN layer
having a thickness i1n the range from about 800' to about
3000'.

7. The method of claim 1, turther comprising;:

forming a dielectric material layer over the first electrical

interface portion and the second electrical interface
portion;

forming a first contact via extending to the first electrical

interface portion and a second contact via extending to
the second electrical interface portion;
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filling the first contact via and the second contact via with
a contact material; and

performing a chemical mechanical polish on the contact
material to form a first contact portion and a second
contact portion.

8. The method of claim 7, further comprising:

forming a dielectric material layer over the first contact
portion and the second contact portion;

forming a first conductive via extending to the first
contact portion and a second conductive via extending
to the second contact portion;

filling the first conductive via and the second conductive
via with a conductive material; and

performing an etch on the conductive matenial to provide
a first conductive portion coupled to the first contact
portion and a second conductive portion coupled to the
second contact portion.

9. The method of claim 8, the contact material having at
least one of tungsten, aluminum, aluminum alloy, copper,
copper alloy and a tungsten alloy and the conductive mate-
rial being at least one of aluminum, aluminum alloy, copper,
copper alloy, tungsten, a tungsten alloy and a composite of
predominantly aluminum with titanium and titanmium nitride.

10. A method for forming a thin film resistor (TFR)
structure, the method comprising:

forming a dielectric layer over a TFR layer;

ctching the dielectric layer at least cone to form first TFR
vias 1n the dielectric layer to form contact pads on a first
end and a second end of the TFR layer;

sputter etching the dielectric layer and the TFR layer to
remove any remaining oxide;

forming a layer of titanium ('I1) 1n the first TFR vias and
over the oxide layer;

forming a layer of titammum nitride (TiN) on the (T1) layer;
ctching the titanium (11) layer and titamium nitride (TiN)
layer to form an opening that defines a first electrical
interface portion coupled to the first end of the TFR

layer and a second electrical interface portion coupled
to the second end of the TFR layer; and

forming a first contact coupled to the first electrical
interface portion and a second contact coupled to the
second electrical interface portion.

11. The method of claam 10, the T1 layer having a
thickness 1n the range from about 100" to about 300" and the

TiN la yer having a thickness in the range of from about 800
to about 3000'.

12. The method of claim 10, the at least one etch of the
dielectric layer to form the first TFR wvias using a dilute
hydrofluoric acid solution.
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